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Iowa Science Assessment of Nonpoint 
Source Practices to Reduce Nitrogen 

Transport in the Mississippi River Basin

“… an average nitrate concentration 
reduction of 91% for water actually passing 

through a buffer root zone …”





Question:

• Could reconnecting tile flow to riparian 
buffers remove substantial amounts of nitrate 
before it reaches surface waters?

















Does it work?



3 chamber control
box













Results for Bear Creek site



Flow measurement



Water and cumulative nitrate diverted through buffer in 2011



Water and cumulative nitrate diverted through buffer in 2011



Water and cumulative nitrate diverted through buffer in 2012







Distance 

from tile 

(m)

Date - 2012
Transect 

#

Well

# 27-Mar 2-Apr 10-Apr 16-Apr 23-Apr 7-May 14-May 21-May 4-Jun

----------------------------------------- NO3 (mg N L-1) -------------------------------------------------

1 01 5.7 3.8 6.9 4.6 6.1 8.4 9.7 8.4 9.8 10.6

1 02 12.7 < 0.3 < 0.3 0.8 0.9 0.5 0.5 2.4 3.1 4.7

1 03 18.9 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3

2 04 5.7 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3

2 05 12.9 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3

2 06 21.4 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3

3 07 6.6 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 2.7

3 08 14.1 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3

3 09 22.9 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3

4 10 6.0 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 0.6 0.6 0.5 2.4

4 11 14.1 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3

4 12 22.2 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3

Field 14.1 13.2 13.4 15.1 14.9 15.9 14.7 16.3 15.8

Bear Creek 7.3 4.8 5.5 12.6 12.7 11.0 12.6 12.7 11.5

Fate of Nitrate in Buffer
Well Data





P removal in 2012

= ½ kg P removed



Potential Impact

•There are 380,000 ac of riparian buffers in Iowa.
•Assuming riparian buffers are 35 ft wide and that 20% of the buffers 
are suitable, gives 17,914 mi of saturated buffers.
•Using the nitrate removal rates found in the first 3 yrs at Bear Creek 
- 328 kg N/km/yr (1,164 lbs N/mi/yr).
•We calculate that potentially14.7 million kg N/yr (32 million lbs 
N/yr) could be removed from Iowa streams using saturated 
buffers.
•This is equivalent to about 5% of the current N load in Iowa 
streams.
•In addition, these riparian buffers would continue to serve a 
significant role in phosphorus, sediment, and pesticide    removal 
and an important wildlife function.



Economics
• For Bear Creek, we installed 1,100 ft of 4 in. tile at a cost of 

$2,508 @ $2.28 per foot installed.  The control box was 
$1,120 installed.  Another $100 would typically be required 
for design work for the system.  

• Assuming a 20-yr life expectancy for the system at 4% interest 
would add about $1,460.  Thus, the total cost of the 
installation will be $5,188 over 20 yr or $259 per year.

• We removed an average of 168 kg (371 lbs) of nitrate-N over 
the first three years at Bear Creek.

• Thus, the annual cost per kg N removed for this prototype 
system was $1.54/kg ($0.70/lbs) nitrate-N removed.  

• This cost is very competitive with estimates for other nitrate 
removal practices such as constructed wetlands ($2.91/kg) 
and fall planted cover crops ($6.77/kg).



Summary

•First 3 years show that diverting tile flow 
into riparian buffers can remove all the 
nitrate that is diverted into them

•We diverted 55% of the flow from a field 
tile draining ~25 ac

•The cost of the practice is comparable to 
other N removal practices

•Practice shows potential of preventing > 18 
million lbs of N from entering IA streams 
each year

•New Interim Conservation Practice 
Standard



Design Considerations



Siting Saturated Buffers

Ideal riparian buffer

Deeply incised channel Flat landscape

Saturated Buffer 

seepage face



Soil Considerations

To support denitrification:

•Soil needs to be high in 
organic carbon



Soil Considerations

To support denitrification:

•Soil should not be too 
permeable (sands –
gravels)  nor impermeable  
(heavy clays)



Buffer Width (biological limitation)

Mayer et al., 2007



Phase II

Expanding study by installing saturated buffers at 15 new sites in MN, IA, IL, 
and IN (FSA & NRCS CIG – Agricultural Drainage Management Coalition)



Phase III
Watershed demonstration projects focusing on adoption of practices 

outlined in the Iowa Nutrient Reduction Strategy



Thank you

Dan Jaynes
515-294-8243

dan.jaynes@ars.usda.gov
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